A total of 33,311 Expressed Sequence Tags (EST) of paprika were mined from the GenBank EST database. The redundancy of the EST sequences was removed using CAP3 and it resulted 4,541 contigs 8,539 singletons as nonredundant data sets. The microRNAs were predicted using the program miRNAfinder. This program predicted a total of 85 miRNAs miRNAs. Another study was carried out to find the homologes miRNA using blast based tool named "miRseeK' A total of 13 miRNAs with significant similarity with the plant miRNAs were obtained from paprika ESTs. The targets of the predicted miRNAs were found using the program mi-RU2. Findings suggest that most miRNAs play an important role in plant development, signal transduction, protein degradation and in response to environmental stress. The miRNAs were found to be perfectly or nearly complementary to its target mRNAs.
INTRODUCTION
MicroRNAs (miRNAs) are a large family of about 21-22 nucleotide non-coding RNAs. miRNAs play very important roles in post transcriptional gene regulation by degradation of target mRNAs or by repression of targeted gene translation in animals, plants, and fungi [Bartel and Bartel, 2003] MicroRNAs (miRNAs) have been found in a wide range of eukaryotes, such as Arabidopsis thaliana, Caenorhabditis elegans, mice and human beings [Bartel, 2004] . However, the first miRNA (lin-4) was discovered C. elegans by the Ambros laboratory in 1993 [Lee et al., 1993] . A second miRNA, let-7, was discovered by Gary Ruvkun's group to direct the later stages of C. elegans development [Reinhart et al., 2000] . In plants, miRNAs are implicated in diverse aspects of plant growth and development, including leaf morphology and polarity, lateral root formation, transition from juvenile to adult vegetative phase and vegetative to flowering phase, flowering time, floral organ identity and reproduction [Sunkar et al., 2007; Mallory and Vaucheret, 2006] . miRNAs regulate the expression of many important genes; a majority of these genes are transcriptional factors. They are found to be involved in response to pathogen invasion and regulate their own biogenesis [Zhang et al., 2006b] . miRNA genes are also involved in hormone signaling [Eckardt, 2005; Guo et al., 2005; Inukai et al., 2005; Mallory et al., 2005] and environmental stress [Jones-Rhoades and Bartel, 2004; Sunkar and Zhu, 2004; Zhang et al., 2005] . miRNAs are also found to promote plant anti-virus defence. miRNAs can be applied in plant anti-virus defense in the following areas (1) Analyzing the function of viral suppressor in the process of gene silencing. (2) Designing and developing novel miRNA-mediated gene therapy. (3) Modifying plant physiological properties to enhance their anti-virus capacity. (4) Developing loss of-function transgenic plants [Lu et al., 2008] .
EST analysis provides a cost-effective and rapid route towards the discovery and isolation of conserved miRNAs. One of the first uses of EST collections was in identifying genes involved in specific plant metabolic pathways [Ohlrogge and Benning, 2000] . Recently in silico identification of microRNAs in plants have been done by EST analysis [Zhang et al., 2005; Qiang et al., 2007; Nasaruddin et al., 2007; Jin et al., 2008] The number of miRNAs obtained by EST analysis depends on three factors: number of previously known miRNAs, conservation of miRNA sequence and structure, and the number of ESTs in the database. EST analysis makes it possible to rapidly study miRNAs and their functions in species for which the genome sequences are not well known, which would be impossible using traditional computational approaches [Zhang et al., 2006a] .
MATERIALS AND METHODS

EST mining and preprocessing and miRNA prediction
ESTs of Capsicum annuum were obtained from dbEST (http://www.ncbi.nlm.nih.gov/dbEST/). The squence redundancy was removed using the sequence assembly program CAP3 (http://pbil.univlyon1.fr/cap3.php). The program clustered the ESTs containing overlapping sequences as contigs and non-overlapping sequences as singletons. The processed ESTs were submitted to miRNAfinder(http://bioinfo3.noble.org/mirna/) for predicting the miRNAs present paprika. The inputted EST sequences were compared with the EST library of Arabidopsis thaliana. To reduce the false positives the reference genome was selected as Oryza sativa genomes EST library.
Development of miRseeK
A tool named "miRseeK" was created using the standalone BLAST-2.2.19 downloaded from the website (ftp://ftp.ncbi.nih.gov/blast/executables/LATEST) on 01.02.09. A web interface was made using PHP language. The clustered EST contigs of paprika was submitted as the query sequence. A database containing all plant miRNAs was created and maintained as the reference database. All available plant miRNAs were obtained from the miRBase::Sequence database (http://microrna.sanger.ac.-uk/sequences). A mismatch of 2 was allowed. The ESTs of the corresponding miRNAs predicted by "miRseek" were submitted to the mfold web server to obtain the precursor sequences. The corresponding precursor sequences were then submitted to the RNAfold Web Server. It calculates the Partition function and base pair probability matrix in addition to the minimum free energy (MFE) structure. The structures were predicted using a loop-based energy model and the dynamic programming algorithm introduced by Zuker et al. [1981] .
The targets of the obtained miRNAs were predicted using the tool miRU2 (http://bioinfo3.noble.org/miRU2/). The tool also provided with a brief description of the target mRNA.
RESULTS AND DISCUSSION
Identification of novel miRNAs
A total number of 85 miRNAs were predicted from the paprika EST contigs [ Table 1 ]. The microRNA containing contigs namely contig3616, contig3739, contig2992, contig3629, contig3477, contig626, contig3555, contig3755, contig141, BM064546, CA516666, BM067194, BM067986, BM065268 and CA516902 were found to show significant sequence similarity with chr2 of A. thaliana and 64 miRNAs represented these sequences. Similarly contig4132, contig3184, EC911955 and CO912258 showed significant similarity with chr1 and 11 miRNAs were found to represent these sequences. Similarly contig3237, contig201, contig3501, contig3840 and contig1722 showed sequence similarity with chr3 and 15 miRNAs represented these contigs. Similarly Contig2482 and BM064235 were found to have significant similarity with chr4. Two miRNAs represented these sequences. Also Contig2851 and CA518435 showed sequence similarity with chr5 and a total of 4 miRNAs were found to represent these sequences.
Since the predicted miRNAs did not contain any homologs in any other plant miRNAs these can be considered as novel miRNAs and grouped to new miRNA families.
Plant miRNAs are conserved
The results obtained from miRseeK gave a list of miRNAs with similarity ranging from 17 to 22. A similarity between 19 to 22 was taken into account. A mismatch of 2 was allowed. The e value was set to 2e-3 to obtain sequences with significant similarity. The result displayed the miRNAs homologous to the plant miRNA. The search reported a total of 13 miRNAs [ Table 2 ] from Capsicum annuum. A keen observation of the results also reveals the fact that most of the predicted miRNAs were homologous to the miR156 family.
In paprika out of the 13 identified ESTs which contain miRNAs, most of them were obtained from tissues under stress. 8 ESTs were found to be obtained from tissues under hypersensitive response against pathogen, 3 each from leaves inoculated with Xanthomonas campestris and the fruit pericarp.. In this study, majority of the obtained microRNAs in paprika were expressed in response to stress. Such kind of observations were also reported in the study conducted by Zhang et al., [2005] in the crops Aegilops speltoides, Citrus sinensis, Lactuca sativa, Persea americana, Triticum turgidum, etc. Though the tool was unable to predict the novel miRNAs present it was reliable in the prediction of the homologous miRNAs present in plants.
Most miRNAs target genes related to plant growth and development
From the results obtained from miRU2, it was observed that one single miRNA may have many targets. The result shows that majority of the genes' functions were related to plant growth and development. Many miRNAs have been found to target transcription factors which show its role in inhibiting transcription. The obtained result complements with the earlier studies done by Zhang et al [2006b] . Table 3 shows the list of targets predicted by miRU2 for miRNAs obtained from miRNAfinder. According to the results pap-miR1 is found to target GRF2 (GENERAL REGULATORY FACTOR 2) which functions in protein binding, protein phosphorylated amino acid binding and is expressed during seedling growth. pap-miR15 is found to target CUC3 gene which is involved in multicellular organismal development, meristem initiation, organ boundary specification between lateral organs and the meristem and has transcription factor activity. pap-miR25 is found to target PTAC2 (PLASTID TRANSCRIPTIONALLY ACTIVE2) gene which is involved in positive regulation of transcription, transcription from plastid promoter and expressed in seed, embryo, cotyledon, hypocotyl, root, shoot, etc. Table 4 shows the list of targets predicted by miRU2 for miRNAs obtained from miRseeK. According to the results pap-miR4 was found to target the gene CYP71B21 which is found in plasma membrane, vacuole and has carbohydrate transmembrane transporter activity, nucleoside transmembrane transporter activity, sugar:hydrogen symporter activity, etc. pap-miR8 was found to target the gene PHB involved in regulation of transcription, DNAdependent, determination of bilateral symmetry, adaxial/abaxial pattern formation, polarity specification of adaxial/abaxial axis, meristem initiation, primary shoot apical meristem specification and has transcription factor activity. pap-miR12 was found to target the gene RPT5B involved in glucose mediated signaling and has ATPase activity.
From the results [ Table 3 ,4] miRNAs were found to target the genes which all are very essential for the plant growth and development and so it the miENAs does not function properly or does not bind properly to their targets, it can cause abnormalities in the development of plant organs. These relates with the findings done by Chen [2005] . Dysfunction of individual miRNAs and/or their ability to properly regulate their targets has been shown to cause floral and leaf-patterning defects (miR159 and miR319; Palatnik et al., 2003; Achard et al., 2004; Millar and Gubler, 2005) , floral development and timing defects (miR172; Aukerman and Sakai, 2003; Chen, 2004) , loss of organ polarity and altered vascular development (miR165/166; McConnell et al., 2001; Emery et al., 2003; Juarez et al., 2004; Mallory et al., 2004b; McHale and Koning, 2004; Zhong and Ye, 2004; Kim et al., 2005) , defective organ separations and aberrant numbers of floral organs (miR164; Laufs et al., 2004; Mallory et al., 2004a; Baker et al., 2005) , aberrant phyllotaxis, reduced fertility, and abortion of the shoot apical meristem (miR168; Vaucheret et al., 2004) , and cotyledon and rosette leaf shape and symmetry defects, reduced fertility, and misexpression of early auxin response genes (miR160; Mallory et al., 2005) .
CONCLUSION
The work supports and proves that miRNAs are conserved in plants. The work also identifies the presence of many novel miRNAs in paprika. Most of the miRNAs were found to target transcription factors and genes involved in plant growth and development. This work also puts a special emphasis on the fact that miRNAs are involved in plant stress responses esp. in response to pathogenic attack. This can be further considered as one of the causes of diseases affecting paprika like fruit rot. 
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